We diagnosed complete agenesis of the cerebellum in a 61-yearold male patient presenting with difficulty in walking and disturbed speech. He had a history of developmental delay, had not learned to read or write, and had not worked. He was severely dysarthric andataxic. He had bilateral dysmetria, dysdiadochokinesia, and reduced arm and leg coordination. His muscle strength and tone was normal without any motor deficits with normal deep tendon reflexes and sensory system. He had congenital esotropia and strabismic amblyopia. His family history was unremarkable. His full scale intelligent quotient (IQ) level, as assessed using Kent E-G-Y Test and the Porteus Maze Test, was 35 showing that he had moderate mental retardation. He also had severe cognitive impairment (15/59) as tested by using Cognitive Status Schedule. Review of his available medical reports, dating back to 5 years earlier, disclosed that he had been issued a disability certificate for his moderate mental retardation, and that his neurologic and mental status had been assessed several times in the meantime showing only mild ataxia and an IQ score of 45. We noted that deterioration of his neurological and mental status had started 1 year prior to his latest presentation to our hospital. Cranial MRI (1.5 T GE HDxt) showed almost complete absence of the cerebellum with only small residual cerebellar tissue corresponding to vermis. Brainstem and middle cerebellar peduncles were hypoplastic; posterior fossa was normal in size. Absent cerebellum resulted
Introduction
Cerebellar agenesis (CA) is an extremely rare entity. There is a debate in the literature as to whether a normal or near normal life is possible in case of complete CA. While supporters of one side of the debate say that such patients always have severe motor deficits, [1] others believe the myth that they may not have any observable symptoms. Most cases with CA are diagnosed in the prenatal or early postnatal period and are associated with other central nervous system abnormalities. [2] [3] [4] Only few children or adults with this disorder have so far been published. While most of these cases were diagnosed in autopsy, [1, 5, 6] others were living patients diagnosed by magnetic resonance imaging (MRI). [7] [8] [9] [10] [11] [12] [13] [14] Detailed clinical evaluation was available only in three cases. [11, 13, 14] We report clinical, neuropsychiatric, and advanced neuroimaging findings of two new cases of CA in adult living patients to shed more light on this subject. in a large cerebrospinal fluid (CSF) space representing a huge cisterna magna. Supratentorial structures were normal [ Figure 1a and b]. Diffusion tensor imaging (DTI) was performed with the following parameters: time repetition (TR) = 6,500 ms, time echo (TE) = 90 ms, voxel size = 1.1 × 1.1 × 5.5 mm 3 , 30 directions. Fractional anisotropy maps and tractography were later constructed on the workstation using manufacturer's softwares. Tractography was performed by placing a region-ofinterest (ROI) in an axial slice to include only brainstem, so that all fibers passing through brainstem would be demonstrated. Diffusion tensor tractography showed that brainstem was small in size, cerebellum was absent, and no fibers extended from the brainstem to either residual vermis or small cerebellar peduncles. It was apparent that the absence of the afferent and efferent fibers that would normally pass through superior, middle, and inferior cerebellar peduncles caused the small size of the brainstem. Supratentorial white matter bundles were unaffected [ Figure 1c ]. Evaluation of three-dimensional (3D) T2-weighted sequences showed the absence of superior cerebellar and anterior and posterior inferior cerebellar arteries; while vertebral, basilar, and posterior cerebral arteries were normal.
Clinical and MRI findings of cerebellar agenesis in two

Case 2
Total CA was diagnosed in a 26-year-old female patient. She had had a history of preterm birth (gestational age of 28 weeks) and developmental delay. She had walked and talked later than normal. Although she had been graduated from high school, she did not have employment. The examination of her motor system, including muscle strength and tone was normal without any motor deficits or abnormal movements. Examination of the cranial nerves, sensory system, and deep tendon reflexes were also normal. However, she had dysmetria, dysdiadochokinesia, dysarthria, and abnormal tandem gait. Ophthalmologic examination revealed congenital esotropia.
Neuropsychiatric testing showed mild cognitive impairment (31/59), and IQ test showed mild mental retardation (between 55 and 70). Cranial MRI and diffusion tensor tractography findings were almost similar to those of case 1, although residual vermis tissue was smaller in this case [ Figure 2a -c].
Discussion
This study documented detailed neurologic, neuropsychiatric, and neuroimaging findings in two adult living patients with CA and supported the view that a life without a cerebellum is abnormal, although such patients can have a near normal life expectancy and lead a simple life. Using diffusion tensor tractography, it was additionally shown that supratentorial white matter bundles were unaffected and that no fibers extended from the brainstem to either residual vermis or small cerebellar peduncles.
A malformative or disruptive etiology may be responsible from CA. [15] In primary CA, there is a malformation of the developmental process; where in acquired cases, there is disruption of the cerebellum in the prenatal or perinatal period due to hemorrhage, ischemia, or other factors. CA with disruptive etiology is usually accompanied by additional brain abnormalities. Recently, mutation of Ptf1a gene, a key regulator of cerebellar neurogenesis, has been reported in a case of agenesis of the cerebellum and of the pancreas.
[16] Genetic analysis was not performed in our patients.
Structural features of reported cases of CA, as assessed by anatomical dissection or MRI were almost similar to what we found in our cases: A normal sized posterior fossa, absent cerebellum, hypoplastic brainstem, and cerebellar peduncles. While in some cases there was no cerebellar remnant (complete CA), in other cases as in ours, a small remnant of paleocerebellum -a vestigial vermis -was found (near-complete CA). Absence of the cerebellum with normal development of the posterior fossa is thought to be due to the extremely early derangement of the cerebellar development during embryogenesis of the posterior fossa structures from rhombencephalon. [9] Brainstem hypoplasia is believed to be related to the loss of cerebellar radiations, including afferent and efferent fibers of the cerebellum. [17] In the diffusion tensor tractography of both of our patients, the absence of fibers from the brainstem to the residual vermis may show that the residual tissue is not functional. Posterior circulation blood vessels in both of our patients were absent. Similar finding was reported by Yu et al., supporting the assumption that the severity of posterior fossa vascular abnormalities is related to the degree of cerebellar hypoplasia. [14] Glickstein refused the 'oral tradition' that people born without a cerebellum can live symptom free and claimed that CA is always associated with severe deficits in the development of normal movement. [1] Indeed, in all documented cases, the patients were late to stand, walk, and talk; however, almost all patients eventually learned to walk and speak. Some patients have never learned to read and write [11, 14] (case 1), while one patient attended school, [12] and another patient was graduated from high school (case 2). One case was working in an electronic workshop, [11] while others have never been employed. Abnormal gait was present in almost all patients, although it was very mild in some cases [9, 12, 13] (case 2). Speech was slurred and dysarthric in almost all patients. Cerebellar tests showed varying degrees of abnormalities. Abnormal eye movements or esotropia were found in some patients [10, 11] (case 1 and 2). Cognition was reported to be just below normal level in one patient, [13] while case 1 of our series demonstrated severe cognitive impairment, and case 2 showed mild cognitive impairment. Almost all patients presented with mild to moderate mental retardation. Other neurologic examination findings were usually normal. These findings show that cerebellum is necessary for normal motor, language, and mental development. While the cerebellum has once been known to be a center for motor coordination and execution, it is now recognized as a center for higher cognitive functions as well, including perception, language, cognition, and affection. [13] The discrepancy between the severity of morphologic abnormality and the less severe clinical presentation may be explained by the early onset of the malformation and ensuing neural reorganization, resulting in partial compensation of cerebellar functions. [9] An interesting aspect of the disease is that various abnormalities may change over time. Tavano et al., reported that motor and language development, cognition, and affection of the patient showed a slow and stable progression up to almost adequate levels over years due to the lifelong rehabilitation program. [13] On the other hand; neurological, mental, and cognitive status of case 1 of our series deteriorated late in his life. Similar deterioration was reported in the case of Boyd during the last 9 years of his life. [6] The reason for the clinical worsening in these cases is not known, although it may be explained by age-related changes. It may be said that a rehabilitation program might be helpful during the early course of the disease, while in later ages worsening of findings might be expected.
In conclusion, patients with CA present with a variety of developmental, clinical, and mental abnormalities. Although they may lead a simple life, they suffer various degrees of cognitive, intellectual, and fine motor skill problems. These cases emphasize the role of the cerebellum in normal motor, language, and mental development.
